Superdeformed (SD) states in 40 Ar have been studied using the deformed-basis antisymmetrized molecular dynamics. Low energy states were calculated by the parity and angular momentum projection (AMP) and the generator coordinate method (GCM). Basis wave functions were obtained by the energy variation with a constraint on the quadrupole deformation parameter β, while other quantities such as triaxiality γ were optimized by the energy variation. By the GCM calculation, an SD band was obtained just above the ground state (GS) band. The SD band involves a K π = 2 + side band due to the triaxiality. The calculated electric quadrupole transition strengths of the SD band reproduce the experimental values appropriately. Triaxiality is significant for understanding low-lying states.
Numerous superdeformed (SD) bands have been identified and studied in various domains of the nuclear chart. An example of recent progress in this research area is the discovery of the SD states in a very light mass region (A ∼ 40) such as 36 Ar [1] , 40 Ca [2] , and 44 Ti [3] . A striking feature of these experimental works is that the SD band members were assigned from band heads up to high spin states. Discrete γ transitions linked those SD bands to spherical or normal-deformed states, which established the excitation energies and the spin-parities of the SD bands.
Theoretical microscopic studies of deformed states in the A ∼ 40 region have been performed based on the shell model [4, 5] , mean-field models [6] [7] [8] , and the antisymmetrized molecular dynamics (AMD) [9] [10] [11] [12] [13] [14] . Calculations with no assumption for the axial symmetry suggest the systematic triaxial deformation of the SD states. For example, the AMD calculations suggest that SD bands in 40 Ca [10] and 44 Ti [9] are constructed from triaxial shapes and their side bands exist. The triaxiality of superdeformations in this mass region has also been discussed in the three-dimensional coordinate-mesh Hartree-Fock (HF) [6] .
Triaxiality is also an important feature of normal-deformed states in the A ∼ 40 region.
Established triaxial states are in 40 Ca, in which an observed K π = 2 + band with low excitation energies [2] is interpreted as a side band of a K π = 0 + band caused by the triaxial normal-deformation [5, 10, 15, 16] . Therefore, triaxiality is one of the key properties to clarify the structure of normal-deformations and superdeformations in A ∼ 40 nuclei. However, theoretical studies taking into account triaxiality are still limited due to the higher numerical costs than axially symmetric calculations. [18] . This J π = 3 + state decays to the J π = 2 + state in the SD band [19, 20] . The J π = 2 + state at 3.92 MeV just below the J π = 3 + at 4.23 MeV also decays to the SD band member J π = 0 + , and the E2 transition strength takes a non-negligible value [20] . These observations show that the states J π = 2 + and 3 + are candidates for members of the side band in the SD band, which can be discussed in relation to the triaxiality of the superdeformation. Nevertheless, neither theoretical studies of the SD state nor the triaxiality of 40 Ar have progressed.
The purpose of this study is to investigate the structure of the SD band in 40 Ar focusing on triaxiality. Competitions of deformations favored by protons and neutrons are also discussed.
To obtain the wave functions in low-lying states, the parity and angular momentum projection (AMP) and the generator coordinate method (GCM) with deformed-basis AMD wave functions were performed. A deformed-basis AMD wave function |Φ is a Slater determinant of triaxially deformed Gaussian wave packets, such that
whereÂ is the antisymmetrization operator and |ϕ i are single-particle wave functions. The variables |φ i , |χ i , and |τ i are a spatial part, a spin part, and an isospin part, respectively, of performed for the J π = 2 + states. Those energy curves have two local minima at β ∼ 0.2 and 0.5, which are labeled GS and SD minima, respectively, because the GCM results show that these minima correspond to the GS and the SD states, respectively, as explained later.
In the energy curves projected to positive parity states, the energy gap between the GS and SD minima is approximately 6.7 MeV, while the gap decreases to 2.5 MeV after the AMP
The values of triaxiality γ for protons and those for neutrons are similar in the entire β region (the middle panel of Fig. 1 ). In the small β region, the system forms an oblate = σ=x,y,z i∈π,νp
Here m is the nucleon mass, and the frequency ω = (ω x , ω y , ω z ) of the H.O. was chosen to be the deformed one ω = To investigate the single-particle behavior in detail, energies and parities of single-particle orbits of the obtained basis wave functions were calculated by transforming the deformedbasis AMD single-particle wave functions to the HF single-particle orbits [21] . Since most 
